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TABLE OF SYMBOLS 
Total axial foroe, lbs/in., at any station defined by ro 
Positive downward. 


Tensile force, lbs/in., tending to produce axial deformation. 
(Total H force on one end of specimen = 2 Hh + 1/2r) 


Internal pressure, p.5s.i. 

Small radius of torus, inches. (r = 1" for cases tested. ) 

Large radius of torus, inches, (FR = 6.3125" for cases tested, ) 
Distance of point from axis of torus. 

Radii of ourvature of a shell in the form of a surface of ree 
volution in meridional plane and in the normal plane perpen- 
dicular to meridian, respectively. | 
Membrane forces per unit length of principal normal sections 


acting meridionally and perpendicular to the meridien, re- 
spoctivély. 


1/2 S 
Total elongation of expansion joint 


Angle defined by the intersection of r. with axis of revolution, 
(Three dimensional theory. ) 


Value of 9 after deformation. (Three dimensional theory. ) 


Angle between perpendicular to axis and perpendicular to shell 
(Two dimensional theory. ) 


foment at section mn (two dimensional theory) 
Thickness of expansion ring 


Energy (Two dimensional theory) 
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SUMMA RY 


The vurpose of this investigation was to investigate, the stresses 


. 
encountered for a semicircular expansion joint for a rockot motor. 


Information was desired to roleate these stresses to the various para-~ 


meters of the problem. 

The stresses involved in this design were found to approximate 
those indicated by the exact membrane theory. The specimon having 
the lesser thickness was found to agree more closely with the exact 
membrene theory, and gave the lowest value of stresses, 

An empirical method of membrane analysis, based on deformation 
profiles, was developed. This method is applicable for stresses 
slightly above the elastic limit and may be extrapolated for higher 
values. 

The design tested was found to be inherently unsatisfactory on 


the basis of tests and theoretical considerations, 


An alternative design was indioated which would have lower values 


of stress for a given value of deformation, and which could be dosigned 


Strictly on the basis of thooretical calculations, 















the imerc@#@ing interest jin rocket metors has focused ettention 
@n the lao of date available in connection with the design of safe 
unc efficient expansion joints for the rocket assembly. "hese expane 
Sien joints "ust withstand high fuel vressures ard must allow large 
degrees of cxponsicn and catraction due to temperature variation. 
ihe exvernsl radiaél cinensions of the exp@msion joint are limitod 
by A rodynaric considerations and the internal dimensions are limited 
Dy iuel flow rewousrements. After fulfilling these ohysical requiré= 
ments the cesirn mist then be roverned by ease of production, assembly, 
and maintsinence, 

In an effort to aid in findine the rost suitable type, tests 
were made on two different expension joint specimens. 

is. 31 stows in a simplified form the combustion chamber, fuel 
chamber, and expansion joint of a tyrical rocket motor. The high 
tenpereatire due to combustion csuses an elongation of the inner chamber, 
Wich in turn causes the outer cyli.jder to clongate. High fuel pros-= 
Sures @ré voreéont between the outér and inner walls. + if necessary 
for the expansion joint to withstand the stresses caused by both the 
@longation and internel fucl pressure, "ith the assumed temmerature 
distribution es noted in sif. 1, the clongation in ten inches due To 
temperature is az croximately 0.155 inches. 


Information desired from the tests included the relation, at 


various internal »ressures, between elongation of the specimen and the 
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stresses in the exnansion ring, the loading which would give permanent 
set, Ahn” the emount of répeeted loading&® necessary to couse fatigue 

e 
fad lire. 

The tyo specitens testec differed only in the thickness of the 
exalnsied joint shell, Time vermitted carrying out of only a small 
parc 7. tne dese?red ororrel. 

In a¢glitlor, Lhree theories were Cevelosed: the Sirst, a twoe 
Gimenstvnr.l theory based on bending end energy equations; the seconds 


me sirte dimchsional membrane thoory, called the empiricsel membrane 


thtor, baBSd or thé AfoUmDLion thal the @xommesion ring deforms into . 


an elliose wien cloncated; and the third, a gencral three-dincnsional 
membrav.e analysis, called the clastic ~eghranc theory. A comperison 
was made between the ravionalized resilts auj the actual test data. 

dn the *asis of these tivrories the inhereut unsatisfactory nature 
of the exoausion rings tested becane an:aront arc a more suitadle 


type “was  orobosed. 
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ker TH ustratiorn of the test specimeA is si.owm in frig. 2. The 
entire ass ~bly was constructed of 1020 steel, ‘he expansion ring 
and the two end >lates wore wolJed in lace. son ae first specimen 
tie @xoehBion ring had a thickress of 0,05 inches, while on the second 
so2cimon the thicimess was 0,04 inches, Internal pressure was obtained 
' 
by the uso of a Blackhawk hydraulic jack which forced oil into e 5/8" 
hole at the top of the specimen, Lither two stco] bars or two steel 
plugs were scrtwed into tho center of the top and bottom plates de- 
pondine whethcr it was necessary to place the specimen in tension or 
compression. This tension or compression was accomplished in @ »outh- 
wark 300,000 lb. testing machino. Control and accuracy allowable by 
this machine is excellent. 

Provision was made for applying a centralized load without bend- 
ing moments wherever oossible, oSphcricul bearings were used in tone 
sion tests, and ball bearing pyramids were used in conoression when 
applied loads were below 40,000 lbs. Seyond this point lead washers 
were usec to contralize the load. 

Cke4 stroin gages, type Aba, menufactured vy the Baldwin Locomotive 
forks, were used, rive gares were located on the first svecimen as 


illustrated. In order to obtain a better everare stress eight gares 


were used on the second specimen. Their locations are lixewise show. 





Specimen ilo, 1 Snecimen 0, 2 





Theso strain razos were sed im conjunction with a multiple 
chatmel wheatstone brid7e desirned and made at the California In- 
sticute of Wfeclmology. Voltage measurement wus made vy a Leeds and 
sorthrod “otentiometer., ‘this anvaratus was capable of measuring the 
ch@ane@® in voltege in the strain gages to an accuracy of 0.001 milli- 
volt. It nermitted the determination of the change in voltage when 
tne f~a@es were in either tension or caemnenehi se. 

Two faces, locatod 90° anart, were employed to measure the overall 
Olonration of the svecimens, fhe first was a vernier micrometer which 
was caoeble of measuring within 0.001" accuracy; and the second, & 
dial rare, wes ctpable of wensurinj: within 0.0005" accuracy. The 
mean of their readings was taken us standard. 

Calibrations were first meade on the vke4 strain gages. A gage 
was flued to each sido of a standard 245T test specimen. The spocimen 
Was placed in a testing machine und the strain page voltages for 
various tensile forces were recorded es noted in Table J, 

wlongations wero calculaced by the usual theoretical methods and 
checkec by Duggenberger str®in rares, "ren this data the stress-= 
millivolt relation for stes] was Jetermined as shown in Table i. 


y 


fris rela@cion is plotted in Vir. 3s. 

yacimen io. 1 was mounted in the Couthward testing machine, 
as illustrated in Chotograohs «o. I anc wo. I], and elongated with 
intornal oreSsures varying from zoro to 600 , per sq. in. The voltage 
across each strain pare was recorded for each conbination of pressure 


and oloicavion, anc the results tabulated in Table II, The stresses 


as cevur~ined from Table II and fir. S are recorded in Table III. 





In tost ins\.ances the sbecimen had to be placed under compression 
by the Sithwark testing machine in order to preveat the internal 
pressures @rom clonpating the specimen vast the elastic limit. 

ith an iucteuirmal pressure of 600 , tho specimen was then allowed 
to elongate until em ov€rall cherge in leagth of 0.2 inches Was 
Reeched. iis was well xust the elastic limit of the materiel. =the 
Beeul ts ere recorded in Padles II anal Iil. 

-im@liv, with & constant presstiro of GO F the elongation wae 
Maries between zero atid 0.2" until rupture occurred. 

The procedure for testing the second specimen wes similar to that 
of the above, 

in Pips. 4 through a are plotted values from Table III. Two 
tyoes of gravhs were made: one of stress versus vlongation with ina} 
ternal oressure as a parameter, and the other of stress versus pressure 


with elongation as a parameter. 
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Three theoretical approaches #wre made to the problem and an 
attemot made to relate the results to the test data, 

The first nethod was a twoecimensional analysis using the energy 
equation S, This rethod assumes that the enerzy goes into bending 
and hoop stresses. 

The second metnod involved an empirical three dimensional men- 
brune aporoach assuming that the pattern of the expansion ring takes 
the form of an ellipse when elongated. This metnod is designed to 
give rreatest accuracy for comparatively large vlongations anc does 
not necessarily hold too well for Small elongations, 

The third method wes an exact three dimensional membrane approach 
on the vasis of theoretical mombrane deflection and stresses. It 
holds only when all parts of the membrane are within the elastic 
Lagat. 


The three methods are vrosented in detail on the following paros. 
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BAO LDR avd eb fH ay 
~S§ a first apnoroach in rationalizine the problem, a two dirnensional 

enerzvy analysis was made. This mothod essentially followed the pro- 
cedure outl ned in Kef. 2, Page 79 . it is assumed that the energy 

is absorbed by bonding of the ring and vy an increase in the ring 
dianetor caused by “hoon” Pees. it neglects the fact that the 
soeocimen 1s considerably more rigid in the threo dimensional case 


than in the two dimensional caso, 
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This theory assumes thet bending 
stresses are small in relevion to mem- 
brane stresses and thut bending proJuces 
only local effects. “enbrane stresses 
ere ca@@poubec for the igitial coadition 
and for the obseurvéd deformation pattern 


at conparatively largo velues of elonga- 





! if. tion (1.@., in @né vicinity of the 
elastic limit), thereby providin: a basis of erpiricel design if test 
data is compatible with membrane theory. 

The observed ceformation curve was found to rusemble an ellipss 
with the minor axis shortened 0,055" anc the najor axis lencthenod 
0.025" for stresses slicthtly above the elastic rogion. sear the weld, 
the ellipse was observed to be clightly distorted at larre values of 
elonzation. 

Thuis method assumes elliovtical distortion in the manner noted 
above end derives equations which give stress:s corroszonding to this 
distortion ij] ters of the verious pateometers. €SS8entially, this pro- 
cedure 18 @ variation of the m@éthod fiven in art, 73 of ie”. 1. 

FOR TRPPOIWT A (Seo Pir, a) 

2 reine + 7 = 0 
But =P = Pp(a treo cf = 1%) + A(1 + 1/2r) 2 


Substitutine: (g = 90° 


OO 





ar, MP - p(r® + arn - 2h - OH) = al (v + 1/er) = 0 


bit ro = Me r - S 





i, 2 p(r° + Oph S.2nr —ih) + 2. | 
p oe ae, - F) 


, laa OY ve a] ) + oi Cis + 1/24) 
a s » n(r or! ery € ii ea 
1) Vn : ~ (2) (F + r - §) 


* ~ ro ret 
for the case tested, ag 0.933p (1 = 0.9835) + 9,953H 


Wg = rp (p = Mf) 
4 


From the deformaticn pattern we know that the bend at center contracts 


t 


© distence of 26 if n = emst. This corresvonds to & vg stress of 


valus : 
Geo &€ 2€B= 


(P + yr) 


J 





Bar tielibesee tested O 2 = 4,100,000 (@ithin clastic limit) 
“his induces a tensile stress in the msridional direction Noy 


equal to: 


(2) JT, += jes 


oe 
t73 





ae 
- 
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JG, for the cases tested = 1,250,000 6 
Tie above correction dows not include the cffect of the original 
stress due to j.. This stress is a compressive stress of value 
oe 


(3) Tgs -yR ire) 


Os for the casts tested = » O.o BG - é ) 








a Ke ™ = . rg q} s ‘ 7 - a 
PRA total weridionul ttress at “A" Is tf oun of cowetions 117; 


(2), wna ®). 
Tor the cases 
Uz; =i [5.6347 + ool |] + 61£,00 6, - 0.15 Be, 
c 
‘+ es @ « kK +t ee 4 * <_< » & 4 £ & = wt % , ke 
or a secon’ point 2B, located at J 2 60°, tho Collowile ont etl 


were derived, 


4 a. 3/2 
yoke il 





The equation 


‘J ° g 


& Oa 
ry 15.0cr, 





can now be ecived oy assuming a velue of #9 = p Pron eguilibriun cane 


24 * a j a2 - ‘ s 7 * 5 nw re 7 4. ~ 4 ” 
eideratiorns. vis rives the followiw tress EC | 


Te to @irect 


ok oe 3/2 
4) =: x cr-as-$ G1 = 0.04690) + 


ft should ‘e noted tht the above equation holds only for a @iven 


t 


Value of ThA r/P ratio haWing the oroportiow&’ 1] : 7.3215. (Calo la- 


tions became too complex to retain tiis ovrameter. } 





In comouting the above meridional stress the value of "6 was 
assumod to be of magnitude p. The correction to the above moridional 


stress to allow for this is 


(5) G, >= Je 


Mechanical coustruction further iudicatas th.t the point B suffers 
1/4 the redial cecpression in comparison to the compression at point /. 
The stress corrosvonding to the co-oression of the r.dial band at 


has the value 


(3) Tea Let 


Tie total siéridional stréss at boint 3 is the sum of equacione 
v8), (a), OM ai (Sd). 

The vlots of are bn for points A and B are given in Fig. 28 
to 31, showinr connuted and exnerin::tal values. 

it should bo noted ton tho stress curve for ooint B will tena 
to becone negative at larre values of deformations due to the local 
bending in the region of the “wlc. or thls reason the stress curves 
for point © are not continued lor & value of to excecdirr 0.070". 

These strosses apply at relutively larve deformations since the 


stresses fit the actual deformation vattern at large defornations, 


They do not ansly for small deformations. 
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This theory aoplies whers deflections are large ia relation to 
chickzess and ell stresses ure within the elastic limit. This method 
.s based on “rt, 73 und 76 of Ref. 1. 
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2 By sin 9+ F = 0 where F is total cownward force 
0 , * * 
at any stetion defined by r, 


These two equations define all forces acting on a unit element. 


Solving (2) for ‘ly cives 
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._.*- P 
yO rosin - Ng 





pLliminating Ny from (1) rives FA 
Pe 2 | ) 
oI e Vr, ein g 


Ny + BEd Fig. 4 


N N Total force measured in meridional 
2 - direction by strain age 1s 


Np 


Fig. 9b. 


(5) Fa = gy - Vig 
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squation (7) then Secomes 
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Be cevinition r, = rp singe itr, sing 


a 42 @ _ 2Fry + rz Sin } 
49 oe =. BP cron ee  P = : 
(9) T,°- 5  ( 2 Wein # (i*r, sin Z) 2° * Bry sing 


r 
: ca! 


Equation (9) vernits ceteraination of the best ratios for the paraveter 
y uid Rin regard to meridional stress at any point. 


We will make a study of the cordition where 


_ 0(12.825 + sin 





) [ - “gg | r 
Vp (= g . 1) J 





Consider stress at point A: (gf = 90°) 
Qr--: [ (-0, 9331 - 0.933 ») [1 + V(7.s125J + Yp(7.ci29 


. 


agsune ) * One 


(10) Qs * [ 298K + 0. 7865p | 
















ee 
— ' 
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Ey ee 
t = 0,04) = 72H + 19, 68n 


t point Bs (gf = 32.7°) 






nbstituting in (9)! Sin g = O, 04 


| { —— - | 1 + y (22. 7)} + J(12.7)p 
me 3.75 13.706 










(11) 0 2 i E 725% + 0. 798p | 


7 
s 
> the two cases tested, stresses at po‘nt ™B"™ have values: 


fs, 

4* = | : 
7 gat nf 1 
oa wa Wa ng gery 
> we “we — 


es 





= 


T,, (for t = 0,04") = 210 # + 19,90 


lpg caret = On08*) = 178.5 6 + 15.9p 


The deflection curve may now bo computed by the method of --rt. 76 
of Mer. 1. 
z Study of the equation 


V = Neridional elongation = sin @ - { § £@) dg +c) 


readily snows that V gets very large at small vulues of Since f (9) 


e+ ee) 
sin(¢g) sin’? 


is a function of ( 





The radial elongation acts in a sinilar manner. 
= 
en actual ealculation of ¥ showed thet the membrane stress is far 


above the elastic livit for S,, = 0,023" at ge 5°, 


ATH OF SLAPTIC VSM We, THOUPY 
From the above considerations in rerard to the stresses in the 


membrane in the vicinity of the weld (bending ronment assumed to bo 


















oe mas the merbrmic strvtces have exceeded the 





it in the retion of the wold. 
- 
Alestic nembrane theory relates the ceformationrs with stresses. 
These stresses in turn are a functici of r&dius of curvature at the 


. Coavereely, if we lmow the redius of curvature (and ali 





~~ = o 
| } 3 a) 7 ig id 
ae - ‘ 


parts of the membrane are in the elastic recion) the stress is deter- 


an relate tho non-elastic radius of curvature to the elastic 





if we 







radius of curvature eid substitute this factor in equation (9) we can 
obtain an idea of the traad in the non-slastic region. This eovetion 


-i) § # (2hr, + r, sin @) 1 + lite 
2 fisin p \. * Fs sinvy “ op + er, sin g ( =) 
7 deep | 


How bh is a conétant, r, is very nearly unity end varies only 
Slightly with larre deformations. It will be seen, therefore, that 


the quantity 


-42 H “-p (2Rr, + r, sin #) 


Wee @ (hk + _ J) ’ 
2 er Sr an Oe + ar, a g 


where R = 6.3125" and ry m=) * O.1 (say ) 
is eanctant for a given value of 9 for 411 practical ourposes., “The 


mator variables in equation (9) are ths ters 


. : ) =] and () r. >) 











It is apparent from, consideration of these tro terme thut a omller 


Vilue of B2 will cive a lower value for 7 soneolastic deformation 
. 
1 


does just tis. Tho slove of the tanyent (in the region of the weld/ 
increases, thereby reducing the redius of curvature and lowering the 
stress, (vee Wie, a\ At point A the effect is negligible. at point 


E the effect is considerable since the ratio ae may cheanme by a factor 
= 


of eight or nine (based on mechanical construction with ©, = Ose 
This ~@ans that the stress et i will be lowcred by a factor of a0 .r0% 
imately S for such local deformations, (this result is obteinsd fron 
equation (9). ) 

The basis of the inflection noint at B (See viz. d.) comes fran 
a study of the rajial rigidity of the merbreane. 


The rigidity, as previously indicated, is a function of 
1 i 1 
sin 9 sin’ 





. Sinee sin @ is very small near the weld snd the 


stresses are beyond the clastic limit, the radial resistance vo de~ 


ss 


ormation is vory slight betwen alias Band the weld. Jete@en polmt 
PR and no'nt % the radial rigidity increeses rasidly ean’ the stresses 
are below the clestic limit. This makes possibls the arpearance of 
ar inflection  votnt, or at the very least aw discontinuity in the 


radius of curvature, 


LeEROL CF LOCAL SelaG 
it~ should now se noted that local be.ding stresses at "B" will 
furthor dccrsaso the stress at "2", From the chanze in curvature 


the bendinr stress at "LD" may be greater then the nenbrane stress 





28, 







tA 


< Weeomes Iwree ot "A" ac shown 2 Pig. c. his loodl 
bealidng promuccg B compre sel Vo 


stress. tne measured stress at 





"S" may becoxe wory s~all or neéMe- 


tive, .« elie to the state were g - 


a 


at “O" men becoge negative is wesre 


the H vs, curve becomes none 


4 


he 


linoar, This is at So > 0.028" 


where slight disconti:mities 





: Pir, di 
Deformation Patter at very 
large doLformations ft is certain that the preceding 


wore encountered for ell pressures. 


equations for stresses at "3" do 
St 
moet apely for e— 7? 0,025" as they would indicate too large a stress 
at "5" (as veasured by a strain gage. ) 
At voint "A" this bending effect is nevlizible since this region 
has the least bending, (The effect, however, would be a compressive 
stress. ) 


Srom consideretions of the membrane stresses vrojlucec near the 


weld, it is clenrly seer that the ratio *2 _ ag for a snall weld 


a 


and that the membrane stresses “ecome very larse until relievod by 
doformation. ..t the weld the bending stresses are also tensile 
stresses at a noint infinitely close to the weld. ‘for elonzatiors 
of the order db. = 0.20" this analysis shows that the type of expan- 
sion joint tested is inherently unsatisfactory since stresses cannot 


possibly be kent below the elastic linit. 











In order to furtner understand the unsatisfactory navire of the 


orifinal desipn, the schematic stress distributio.2 at various points 





(gue to both bending ead menbrene stresses) are shom for a larfe 


and a small © ie (geo Fig. a) 
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eable. The stress Clatridution, according to this theory, would yield 
& compressive stresses in the resion of point A (the maximum diameter 
of the exnansion joint). --ctunlly, these stresses are tensile stresses 
and have lerve marnitudes. Horeovor, the stresses ut point B should 
increas) with elongation. actually, they roach a peak, diminish to 
practically zero, then increase slightly. 
Mo elastic threo dimensional nerbrane tnreory fives very good 
agreement, within the limits of axperimental accuracy, to the elastic 
‘limit. Beyond this noint the acroenent was unsatisfactory since these 
equations do ret consider the reduced Beuite & Ofetesticmey,, TF 
will de yoted dyt the specimen havier the craller thickness rave 

botter acreenent ond, incidently, fave lower vulues of stresses for 

@ pivon elongation. This validates the apolicability of the menbrene 
theor,. fhis theory is further justified by itef., 1, 3, and 4. The 
applicability is particularly shown by “rt. 37, and 63 of ef. 1, It 
Should ve aoted thet this theory does rot apply when any vortion of 
whe membrane exceeds tho elastic limit and that this theory has been 
exvended in tois thesis to show the gualitative effect of non-elastic 
deformation. This difficulty cones from tne fact that stresses in 
tho origianl dosisn oxceed the clastic linit for infinitesirel defor~ 


mations, 
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soe dinenéional membrane theory evaluates the 
















resses for the moasured leformetions. ocineo the cefor- 


mation pattorn chosen wes one for Cotal slonfation equal to 0.0455", 


ite = 
#- /-, . eA 
Toa y > ec; =} 


method is only as accurate as the measured deformation pattern, Con- 


2 


o] mn 
An© St 


tL! 





~% is better for larse valves than for small ones, This 


sidering vhis limitation, this method cave remarkably good agreement 
for values of total elonration cqual to 0,200", «ss noted previously, 

r test or computed values were correctec for reduced modulus, 
This emoirical method should be employed only as a last resort where 
Stresses cannot be comyutod on e strict theoretical besis. 


On the basis of theso tests and theoretical caleuletions tne type 


of expansioa joint tested was found to be inherently unsatisfactory 
7 





for the following reasons: 

1. this oxpansion joimt experionces permanont deformation for 
very small elongetious, these deformations become anj.reciable for a 
total elongation of 0,005", which is far below the requirenent of 0. 200", 

2. the merbrene and beiding stresses are greetest in the vicinity 
of the weld. cince the weld material has the weakest chysicsl propor=. 
vies, this is undesirable. 

56. The noresent desicn is theoretically not sound, end is, theroe 
fore, 2iffacult of solution. With a 6 UM Hodit chet, in ueSirny, 
the expansion joint could be subjectoc to an exnct s1:lysis with ease, 
anc wye AtresseB creétly reducéd. 
&. the specinen haviag the ereat.r tricknetl Mailes at the weld 


for one cycle or clonzation (from zzro to 0.200" elonration and beck 






















zero at 300 ¥% pressure). The sowcimen having the lesser thi Gone ss 
= , } 


7 ga q 


failed efter expericreing approximately two and one-half such cycles, 


‘the failuro occurring at three places at the wold. 

1. guprested expansion joint orofile is shown in rig. e. she 
proportion Ty2 Faye ys R, may be determined analytically by moans of 
Art. 76 of Kef. 1. The procedure would be to choose the average 

Eq and 09 anticinated and solve for ""™" = zero at station Y, This 
moans that the menbrane will rot deflect outward or inwerd at this 

- point. Such a calenlation would be very tedious but possible, «an 
alternate solution would be to make several specimens and mount 

them in a manner similar to the method vsed in this test. «apply ine 
ternal nressure by a suitable hydraulic punp, control elongation (En) 
iy a scrow device, and note the change in a dial fare mounted at 

_ station 1. The specimen giving the least change in the dial reading 
me. 2 over the réquiréd range ofp and von would be the best specimen. 
Bending stresses would be reduced to a minimum and the merbrene theory 
would pive great accuracy, -lote thet the desien calls for a positive 


slope at all points. This avoids infinite values of 2 or indeter= 
*1 


minate stresses, (Theoretical analysis becomes very complex if slope 


at any point is gero.) Proliminary studies show thst a slone of O.f 


is desirable for the minimum value of tho slone. 





It may, porhaos, be argued that the oxnunsion joint cesigned 
in Fig. e is similar to a sylphon and is soverned vrimarily by benGirg q 


stresses. That is true to a voint, “ut it is only decause nembrano 


stresses have been kept in the elastic rerion. s#oreover tho oenJing 
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Stresseaymay tien vo retained in the Glastic refion. (ote thet the 
bonding tueory gives stresses above the olastic liait for the poiut 
near the weld ia original dosirn for .; © Op20"). 

It is not etited that the e-weesed Jesien wili rive all stresses 
bolow the elastic limit. To obtein such a eoudlclon it may be necessary 
~o resort to several bands. However, the design offered should have 
greater resistence to fativue ar may be satisfactory if the numbor 
of cycles ronuired is s0t too Prcoa&t, 

in regard to the varameter t (thickness) the theoretical anzlvsis 
Shows that the rebrauc stresses dre huversely proportional to the 
thickress, ‘his woule indioute at first band thet e large velue of t 
is “esirable. C[hoory and the tests show, however, theo large values 
oF G set un larse vendine stresses for a fiven disslacement in bending, 
This strowS tr t th@re ts an oot mum value of t, probably only Sligitly 
@bove Ghat rect.ired to kewo the stresses in the elastic refzion, 

Me remaining oeranetors, r ead -» @re Sore or less ceternined 


by rocket desien, 


fMPLTSls Tl meee TH 


Soth test and theory agree thet stress is detornined by the magni-e 
tude of 4, renrasentine the force ner unit length requirec to produce 
eloncatioa of the expansion ring. ith a low value of 4, the stresses 
will be reduced to a reasonable —o 

ne edditional stress due to internal »ressure was found to be 


oractically constant over defornations in the elastic re gion. 
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“60 to Untorelicel valeus am: showi 





n Figs. 25 to 31. 4¢ will be povoa buet for wwe Tirst |6:c offen 


mae 
nn 





pe s : . e « « ua — ; 
= 0.05") a large eproad of utresues is sotaiwe for vurious oressun®s, 





she secozd specimen (t = 0.04") ci is variatioa with pressure wae 
not clearly defined vecausu fewer te: i voints Wire obtéined, +n teis 
urd, it is very difficult to obtain accurete readiigs for smell 
onvations whon the specimen has manay ceaite an® cimples, as di¢ the 
specimens tested, At larger elonrvations these local irrerularities 
tend to be removed by the increased strusses, 

Tt should be noted that the above aifficulty would aot be en- 
 comitered with e oroverly désirsned and carefully manutactured specimen. 
it is bulieved thet the stross resdings were obtained with a 


iepree of accurucy consistent with the orecision of the spocimen but 





jaherent inaccuracies are still sufficient to accouns for any 
sifferences between observed resilts enc the exact membrane theory. 
It should be noted from Figs. 20 to Cl thet the stress variation 
agrees with theory in respect to cloigaticn, pressure, amd locevion 
of station; and that the specimen of lesser thickness gives the slightly 
better agreement and has lower values of stresses than the thicker 
specimen. 

The empirical method, besed on rucial disvlacenents, was fouia 
to be applicable anc gave surprisingly good results considering the 
crudeness of the deformation vattern. The deformation mBttorn snould, 
of course, be obteined by neasuring the redial displacements of numerous 


stations, 
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